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(57) ABSTRACT

The invention 1s to develop a protecting group that does not
solidify or insolubilize a compound 1n which a functional

group has been protected, and facilitates separation and
purification after a reaction. Disclosed 1s a trityl compound
represented by General Formula (1):

(1)

/
RIU R9
RIS Rll
\ /
R14/ A R 12
Rl3

wherein Y represents a hydroxy group or a halogen atom; at
least one of R' to R'” represents a group represented by

Formula (2):
O—R!"°_X-A (2)

while the other groups each represent a hydrogen atom, a
halogen atom, an alkyl group having 1 to 4 carbon atoms, or
an alkoxy group having 1 to 4 carbon atoms;
R'° represents a linear or branched alkylene group having
1 to 16 carbon atoms:
X represents O or CONR'’ (here, R'’ represents a hydro-
gen atom or an alkyl group having 1 to 4 carbon atoms);
and

A represents a group represented by, for example, For-
mula (3):

(3)

wherein R'®, R"”, and R*°, which may be identical or
different, each represent a linear or branched alkyl group
having 1 to 6 carbon atoms, or an aryl group which may have
a substituent.

20 Claims, No Drawings
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1
TRITYL PROTECTING AGENT

FIELD OF THE INVENTION

The present invention relates to a novel trityl compound >
that 1s useful as a protecting agent for, for example, a
carboxy group, a hydroxy group, an amino group, an amide
group, and a mercapto group.

BACKGROUND OF THE INVENTION 10

In regard to the synthesis of peptides or the synthesis of
various compounds, there are occasions 1 which a reaction
needs to be performed after protecting a functional group
such as a carboxy group, a hydroxy group, an amino group,
an amide group, or a mercapto group. Regarding such a
protecting group, a group that 1s capable of protection by a
simple and convenient method and can be removed under
mild conditions, 1s desirable. For example, as a protecting
group for a carboxy group, a benzyl ester (Bn) and a
tert-butyl ester are known. Furthermore, 1t has been recently
reported that a benzyl alcohol compounds, a trityl com-
pounds, and a fluorine compounds are useful as protecting,
groups (Patent Literatures 1, 2, and 3).
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Patent Literature

Patent Literature 1: JP 5929756 B2 30
Patent Literature 2: JP 5113118 B2
Patent Literature 3;: WO 2010/104169 A

SUMMARY OF THE INVENTION

35
Problem to be Solved by the Invention

However, compounds having their functional groups pro-
tected by conventional protecting groups have a defect that
the compounds are easily precipitated out. Particularly, in 40
regard to peptide synthesis, since the compounds become
insoluble even 1n organic solvents, separation and purifica-
tion of compounds after reaction have been often difficult.
This difliculty 1n separation and purification has been a
serious problem 1n the peptide synthesis, in which conden- 45
sation reactions are sequentially performed.

Theretfore, an object of the present invention 1s to provide
a protecting group that enables a compound having a pro-
tected functional group to dissolve 1 an organic solvent
without solidifying or insolubilizing and thereby facilitates 30
separation and purification after a reaction.

Mean for Solving the Problem

Thus, the inventors of the present invention conducted 55
various 1nvestigations on substituents of trityl compounds,
and as a result, the inventors developed a trityl compound
having a substituted silyloxy group at an end through an
oxyalkylene group on a benzene ring. The mventors found
that this trityl compound 1s usetul as a protecting agent of a 60
heteroatom, and an organic compound, such as a peptide,
having a functional group protected using this trityl com-
pound has a feature that the organic compound 1s not easily
precipitated out in an organic solvent, and separation and
purification 1s facilitated by an operation of liqud-liquid 65
phase separation. Thus, the inventors completed the present
invention.

2

That 1s, the present invention provides the following [1]
to [8].
[1] A trityl compound represented by General Formula

(1):

(1)

wherein Y represents a hydroxy group or a halogen atom; at
least one of R' to R' represents a group represented by

Formula (2):
O—R!*_X-A (2)

while the other groups each represent a hydrogen atom, a
halogen atom, an alkyl group having 1 to 4 carbon atoms, or
an alkoxy group having 1 to 4 carbon atoms;

R"° represents a linear or branched alkylene group having
1 to 16 carbon atoms;

X represents O or CONR"’ (here, R'’ represents a hydro-
gen atom or an alkyl group having 1 to 4 carbon atoms);

A represents a group represented by Formula (3), (4), (5).

(6), (7). 8), (9), (10), (11), (12), or (13):

(3)

R]S
—Sli—R19
R20
4
o @)
RIS—S‘i—Rm
O
|
RZZ
_RZI H
H
(5)
RlQ'
RIS—S:i_Rzﬂ
|
R22
—R?! H
CH;
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3 4
-continued -continued
(12)
§
s (6) I‘{Jg
ng—S‘i—Rzo . ng—S‘i—Rm
| 0
O
]!{22 A22 RIS
_R21 CH3 _RZI RES_o_S‘i_RIQ
10
CH ~ R
3 H;C
7
R19 (7) R 19 (13)
RIS_S:i_RZU 15 RIS_S:i_RED
O O
1|{22 ]5!{22 RIS
_R21 H 20 _RZI R23_O_Si_R19
R24 RZU
e |
(8) 1
]5‘{19 55 RED_S‘i_RIS
RIS_Si_RZU E!ng
|
O
1!122 wherein R'®, R"”, and R*°, which may be identical or
30 different, each represent a linear or branched alkyl group
—R?! \ having 1 to 6 carbon atoms or an aryl group which may have
CH a substituent; R** represents a single bond or a linear or
~ branched alkylene group having 1 to 3 carbon atoms; and
H,;C _
R**, R*°, and R** each represent a linear or branched
(9) 35 alkylene group having 1 to 3 carbon atoms.
I‘Ug [2] The trityl compound according to [1], in which Y
RIS_gi 120 represents a hydroxy group, a chlorine atom, or a bromine
| atom.
O [3] The trityl compound according to [1] or [2], 1n which
| . 40 at least one of R' to R'> represents a group represented by
f Formula (2), and the other groups each represent a hydrogen
2! atom or a halogen atom.
\CH3 [4] The trityl compound according to any one of [1] to [3].
CH; in which R'® represents a linear or branched alkylene group
(10) 45 having 2 to 16 carbon atoms.
R1% [ 5] The trityl compound according to any one of [1] to [4].
" ‘ . in which the case of the group represented by Formula (2)
R _S‘I_R being a 2-t-butyldimethylsilyloxyethoxy group or a 3-t-
O butyldimethylsilyloxypropoxy group 1s excluded.
| 50 [6] The trityl compound according to any one of [1] to [5],
R?2 RIS in which R'° represents a linear or branched alkylene group
__ gl R S‘i NC having 6 to 16 carbon atoms.
| | 7] The trityl compound according to any one of [1] to [6],
H R0 in which R*' represents a single bond or a methylene group,
55 and R**, R**, and R** each represent a methylene group.
1) [8] A prote?ting agent for a (::arboxy group, a hydroxy
R19 group, an amino group, an amide group, or a mercapto
| group, the protecting agent including the trityl compound
]E{IS—S‘J'[—R20 according to any one of [1] to [7].
60
[|) Effects of Invention
RZZ RIS
Since a compound having a functional group protected
—R*! R*—0—Si—R" using the trityl compound (1) of the present invention 1s
- R 20 65 easily to be liquid and has increased solubility 1n a solvent,
3

separation and purification after a condensation reaction are
casily performed.
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In the production processes for various chemical sub-
stances such as medicines and agrochemicals, 1n a case 1n
which 1nsolubilization and solidification of raw matenials or
intermediates have become hindrance, when the trityl com-
pound (1) of the present mnvention 1s bonded to a raw
material compound or an intermediate compound, liquidity
and solubility of these substances are enhanced, and thus
these problems can be solved.

DESCRIPTION OF EMBODIMENTS

The trityl compound of the present invention represented
by General Formula (1) has a feature that at least one of R
to R' has a structure of Formula (2). By having such a
structure, a compound protected using this trityl compound
(1) 1s easily to become liquid, and solubility 1n a solvent 1s
markedly increased.

In General Formula (1), Y represents a hydroxy group or
a halogen atom. Here, examples of the halogen atom include
a chlorine atom, a bromine atom, an 1odine atom, and a
fluorine atom.

Y 1s preferably a hydroxy group, a chlorine atom, or a
bromine atom.

In the trityl compound of the present invention, at least
one among R' to R'° represents a group represented by
Formula (2); however, it 1s preferable that one or two among
these are groups represented by Formula (2), from the
viewpoints of the solubility of the protecting group-intro-
duced compound and the removability of the protecting
group.

The remaining groups are each a hydrogen atom, a
halogen atom, an alkyl group having 1 to 4 carbon atoms, or
an alkoxy group having 1 to 4 carbon atoms. Here, examples
of the halogen atom represented by R' to R'> of the remain-
ing groups include a fluorine atom, a chlorine atom, a
bromine atom, and an 1odine atom, and among these, a
chlorine atom and a fluorine atom are preferred. Further-
more, the position of substitution i1s preferably the ortho-
position. Examples of the alkoxy group having 1 to 4 carbon
atoms ol the remaining groups include a methoxy group, an
cthoxy group, an n-propyloxy group, an 1sopropvloxy group,
and an n-butyloxy group, and among these, a methoxy group
1s preferred. Furthermore, examples of the alkyl group
having 1 to 4 carbon atoms include a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, and an n-butyl
group, and among these, a methyl group and an ethyl group
are more preferred.

R'° represents a linear or branched alkylene group having
1 to 16 carbon atoms. Among the relevant alkylene groups,
a linear or branched alkylene group having 2 or more to 16
or less carbon atoms 1s preferred, a linear or branched
alkylene group having 6 or more to 16 or less carbon atoms
1s more preferred, a linear or branched alkylene group
having 8 or more to 14 or less carbon atoms 1s even more
preferred, and a linear or branched alkylene group having 8
to 12 carbon atoms 1s still more preferred. Specific examples
of the alkylene group include a methylene group, an ethyl-
ene group, a trimethylene group, a tetramethylene group, a
pentamethylene group, a hexamethylene group, a heptam-
cthylene group, an octamethylene group, a nanomethylene
group, a decamethylene group, an undecamethylene group,
a dodecamethylene group, and a tetradecamethylene group.

X represents O or CONR'’.

Here, R'’ represents a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, and a hydrogen atom 1s
preferred.
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6

A represents a group represented by Formula (3), (4), (5),
(6), (7), (8), (9), (10), (11), (12), or (13). R'®, R'", and R*°,
which may be i1dentical or diflerent, each represent a linear
or branched alkyl group having 1 to 6 carbon atoms, or an
aryl group, which may have a substituent. Here, examples of
the alkyl group having 1 to 6 carbon atoms 1nclude a methyl
group, an ethyl group, an n-propyl group, an 1sopropyl
group, an n-butyl group, an 1sobutyl group, a sec-butyl
group, a tert-butyl group, an n-pentyl group, and an n-hexyl
group. Among these, an alkyl group having 1 to 4 carbon
atoms 1s more preferred, and a methyl group, tert-butyl, and
an 1sopropyl group are even more preferred.

Examples of the aryl group, which may have a substituent
include an aryl group having 6 to 10 carbon atoms, and
specific examples include a phenyl group and a naphthyl
group, both of which may be substituted with an alkyl group
having 1 to 3 carbon atoms. Among these, a phenyl group 1s
more preferred.

R*' represents a single bond or a linear or branched
alkylene group having 1 to 3 carbon atoms. Examples of the
linear or branched alkylene group having 1 to 3 carbon

atoms include a methylene group, an ethylene group, a
trimethylene group, and a propylene group; however, among
these, a single bond 1s particularly preferred.

R**, R*>, and R** each represent a linear or branched
alkylene group having 1 to 3 carbon atoms. Examples of the
linear or branched alkylene group having 1 to 3 carbon
atoms include a methylene group, an ethylene group, a
trimethylene group, and a propylene group; however, a
methylene group 1s particularly pretferred.

In regard to General Formula (1), a compound 1n which
Y represents a hydroxy group, a chlorine atom, or a bromine
atom; at least one, and preferably one or two, among R' to
R"™ each represent a group represented by Formula (2),
while the remaining groups are each a hydrogen atom, a
chlorine atom, or a fluorine atom; R'° represents a linear or
branched alkylene group having 2 to 16 carbon atoms; R*'
represents a single bond or a methylene group; and R**, R*,
and R** each represent a methylene group, is more preferred.

Furthermore, 1n regard to General Formula (2), a com-
pound in which R'® represents a linear or branched alkyl
group having 6 to 16 carbon atoms; X represents O or
CONH; A represents a group represented by Formula (3) or
Formula (13); R'®, R'?, and R*", which may be identical or
different, each represent an alkyl group having 1 to 4 carbon
atoms; R*' represents a single bond; and R**, R**, and R**
cach represent a methylene group, 1s more preferred.

Here, a specific preferred example of a state 1n which the
group represented by Formula (2) 1s bonded 1s shown below.
Regarding the group represented by Formula (2), it 1s
preferable that a 2-t-butyldimethylsilyloxyethoxy group or a
3-t-butyldimethylsilyloxypropoxy group 1s excluded.

(1-1)

| O—RI*—X—A
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_continued (b) TIPS2 Type-(MM)-PP Protecting Agent
(1-2)

T R@

/ s L — 1.

— _Si
Y < />—0—R16—X—A ‘ P o V )—
7~ TN/
26 1 10
R ‘ 7 O O
AN S | si \(
(1-3) 4<
A—X—R!*—0 :
X 15
‘ = wherein R” represents a hydrogen atom or a halogen atom.
/_ (c) TIPS2 Type-(M)(M)-O Protecting Agent

\_/ 20

oo J\
plb L ‘ O—R!"*—X—A Si
S Y .

30

- e

wherein R'” and R*” each represent a hydrogen atom or a Y——Q

halogen atom; and Y, A, X, and R'° are the same as described Ra

above. 40 O
Specific examples of the trityl compound (1) of the 4<Sl

present mvention include the following (a) to (e). In (a) to

(e), Y represents a hydroxy group or a halogen atom.
(a) TIPS2 Type-(MM)-OO Protecting Agent

< ~ A

| . o
gty g
RN R

~ T

wherein R represents a hydrogen atom or a halogen atom. wherein R represents a hydrogen atom or a halogen atom.
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9 10
(d) TIPS3 Type-(P)-O0 Protecting Agent

N L

Ay /\/\/\/\/\)L 4
bava N

- \(% \(7/

wherein R” represents a hydrogen atom or a halogen atom.
(e) TIPS4 Type-(MM)(MM)-O Protecting Agent

<A A
Ty 4T :

20

30

~ 1

5740
Ol

45
wherein R represents a hydrogen atom or a halogen atom.

The trityl compound (1) of the present invention can be
produced by, for example, the reaction schemes shown

below.
Hal Hal R4c:* RSC er: REC
RSH Rl a ] — R9 ¢ A R5C R lc \ / Hal \ /
(14) R3C 4</ \/ <\ /> e
R4a R24a R4¢ R2¢ / \ / \
. RZ:‘: Rl ¢ Rl IS R4c‘:
R34 R3¢ 5d 1d
R R
(15) (16) N ‘
R4d R R2d
R3d
! (24



Y
Hal
RSE
\ \
R4€ -~ /
R3 e

US 10,981,940 B2

-continued
M
R /l\ Rl
O OR% ‘
nde /Y\ n2
RSd Rld R3C
N (18)
R4d‘/ F R2d
R3d
(20)
M
RSE RIE:
XS
R4E: / \ RZE:
R3€
(19)
Y
R4e RSE Rle R2e
OH

R2€ Rle Rle R4e
RSd R]d
R4d AN \‘RZa'
RSa'
(22)

RS:‘:

12

(21)

Ha]—R°—X—A
(14)

R4a'

REd

(23)
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-continued
M
R 3d R 14
O OR® 0 QR R4d R2d
4d 5d 1d 2d
5a la Hal—R’—X—A R3d R R>@ R R
R R RS(: Rlc‘: OH
(14) (27)
- R34 R3d
R4 R4 Réc R2¢
R3fl R3 - REd Rld Rld R4a'
R5C er:
(25) (26) - ‘
R4C \ Rz.rj
R3r:
(28)
Y A
Hal —R —X—A
(14)
M
R5d R 1d
R4 R4 Rl4 R4 pdd RSd  Rlid R 2d
O OR™ R4d R2d OH O
Rle R R R¥ —— pid / \ R3d
27) _ \ /
e
2d 1d 5d 4d 7 7 o o
R Se R R le R R R R R
2 R R 5 1
R ¢ R 7 R {1
F
R3€ ‘
(30) R4 R2¢ RGN n2a
RSE R3ﬂ
(31) 32)

Rga'\ /Rl 0d HalRla'\ /R2a'
R84 / \
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M

RSE Rl e

\ \

R4€/ / REE
R3€
(19)

Y
Rgd R] Ocd Rld REd
\ / on

RS / \ R3d

R?a’ / \Rﬁd RSd R4d
RSE Rl e
R4€ R2€
R3 e
(36)

US 10,981,940 B2

-continued
M
RSE RIC
X
Ocd 10 1d 2d
OH
3¢
R RSa' / \ R3d
(27) \ /
R?a' Rﬁa‘ RSa’ R4d
RSC Rlc’:
R4r: RE(:
RS:‘:
(34)
A
Hal—R°—X—A
(14)
RQa’ Rlﬂd Rla' RZa'

R?d

OH

Rﬁd RS-:I' R4a'
R] a
/
\ RZ.{I
R3-:1
(37)

RQ:‘: Rl Oc Rlc‘: RZC
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-continued
M
RSET Rla'
R3 g RQC Rl[}r: er: RE:‘:
OH Y
(27) o o
\ /
7 6 5 4
R RSdR;,RE Rld R
R4UREJ
R3a'
(40)
' A
Hal—R’—X—A
(14)
M
R5ﬂf Rld
dd 2d
R 10e O Rle R R
5 R3d RQe Rer R]g RZ,E:: R9a Rlﬂa R]a RE-:I
R=E RZE -
OH —_—
(27) . N
- R&g R3€ —= R \ / R
RSE Rﬁe RSg R3€
R?e R4e R?e Rﬁe RSg R4g R?ﬂ ., Rﬁ.:: RSg g R4.g
(42) ‘
R4d R2d Réd N n2d
RSa' R3d
(43) (44)

wherein Hal represents a halogen atom; at least one of R'“
to R'®“ represents a hydroxy group, while the remaining
groups each represent a hydrogen atom, an alkyl group
having 1 to 4 carbon atoms, or an alkoxy group having 1 to
4 carbon atoms; R°“ represents an alkyl group having 1 to 3
carbon atoms; at least one of R'“ to R'““ represents a group
represented by Formula (2), while the remaining groups
cach represent a hydrogen atom, a halogen atom, an alkyl
group having 1 to 4 carbon atoms, or an alkoxy group having
1 to 4 carbon atoms; R'? to R'%? each represent a hydrogen
atom, a halogen atom, an alkyl group having 1 to 4 carbon
atoms, or an alkoxy group having 1 to 4 carbon atoms; at
least one of R'® to R'"® represents —OTBS, —OTIPS, or
—OTBDPS, while the remaining groups each represent a
hydrogen atom, a halogen atom, an alkyl group having 1 to
4 carbon atoms, or an alkoxy group having 1 to 4 carbon
atoms; and M represents MgBr or Li.

A silyloxylated alkyl halide (14) 1s reacted with haloge-
nated aryl compound (15), thereby a silyloxylated aryl
compound (16) 1s obtained, subsequently this compound 1s
reacted with a metallic reagent, and thus an organometallic
reagent (18) 1s obtained. The organometallic reagent (18) 1s
reacted with an ester compound (20), and thus a trityl
compound (21) having a hydroxy group 1s obtained. Fur-
thermore, this 1s halogenated, and thereby a compound of
Formula (24) 1s obtained. Alternatively, a hydroxy group of
the halogenated aryl compound (15) 1s protected with a silyl
cther, subsequently, the halogenated aryl compound 1is
reacted with a metallic reagent to obtain an organometallic
reagent (19), the organometallic reagent 1s reacted with an
ester compound (20), and thus a compound of Formula (22)

40

45

50

55

60
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1s obtained. Subsequently, the protecting group of the com-
pound of Formula (22) 1s removed to obtain a compound of
Formula (23), this compound is reacted with a silyloxylated
alkyl halide (14), and thus a compound of Formula (21) can
also be obtained.

A silyloxylated alkyl halide (14) 1s reacted with an ester
compound (25), thereby a silyloxylated ester compound (26)
1s obtained, subsequently this compound 1s reacted with an
organometallic reagent (27), and thus a compound of a trityl
compound (28) having a hydroxy group 1s obtained. Fur-
thermore, this 1s halogenated, and thereby a compound of
Formula (29) 1s obtained. Also, a hydroxy group of an ester
compound (23) 1s protected with a silyl ether, subsequently
the ester compound 1s reacted with an organometallic
reagent (27), and thus a compound of Formula (31) 1s
obtained. Subsequently, the protecting group of the com-
pound of Formula (31) 1s removed to obtain a compound of
Formula (32), this compound is reacted with a silyloxylated
alkyl halide (14), and thus a compound of Formula (28) 1s
obtained.

A ketone compound (33) 1s reacted with an organometal-
lic reagent (18), thereby a compound of Formula (34) is
obtained, the trityl compound (34) having a hydroxy group
1s halogenated, and thereby a compound of Formula (35) 1s
obtained. Alternatively, a ketone compound (33) 1s reacted
with an organometallic reagent (19) to obtain a compound of
Formula (36), subsequently, a protecting group of the com-
pound of Formula (36) 1s removed to obtain a compound of
Formula (37), this compound is reacted with a silyloxylated
alkyl halide (14), and thus a compound of Formula (34) can
also be obtained.
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A ketone compound (38) 1s reacted with a silyloxylated
alkyl halide (14), thereby a silyloxylated ketone compound
(39) 15 obtained, subsequently this compound is reacted with
an organometallic reagent (27), and thus a compound of a
trityl compound (40) having a hydroxy group 1s obtained.
Furthermore, this 1s halogenated, and thereby a compound of
Formula (41) 1s obtained. Alternatively, a hydroxy group of
a ketone compound (38) 1s protected with a silyl ether,
subsequently the ketone compound 1s reacted with an orga-
nometallic reagent (27), and thus a compound of Formula
(43) 1s obtained. Subsequently, the protecting group of the
compound of Formula (43) 1s removed to obtain a com-
pound of Formula (44), this compound 1s reacted with a
silyloxylated alkyl halide (14), and thus a compound of
Formula (40) can also be obtained.

A silyloxylated alkyl halide (14), which 1s a raw material,
can be produced by, for example, reacting a halogenated
alcohol with a silylating agent 1n the presence of a base. The
halogen atom in the compound (14) may be, for example, a
bromine atom.

Furthermore, regarding the reactions for obtaiming a com-
pound of Formula (17) from a compound of Formula (15),
a compound of Formula (30) from a compound of Formula
(25), and a compound of Formula (42) from a compound of
Formula (38), each of the compounds can be produced by
reacting an alcohol with a silylating agent in the presence of
a base, as described above.

Examples of the silylating agent that 1s used for the
above-described reactions include triisopropylsilyl chloride
(TIPSCI), trusopropylsilylbromide, triisopropylsilyliodide,
methanesulfonyltritzsopropylsilyl,  trifluoromethanesulio-
nylisopropylsilyl, p-toluenesulfonyltriisopropylsilyl, tert-
butyldiphenylchlorosilane (TBDPSCI), and tert-butyldim-
cthylchlorosilane (TBSCI).

Examples of the base include organic bases such as TEA,
DIPEA, DBU, diazabicyclononene (DBN), DABCO, 1mi-
dazole, N-methylimidazole, N,N-dimethylaniline, pyridine,
2.6-rutidine, DMAP, LDA, NaOAc, MeONa, MeOK,
lithium hexamethyldisilazide (LHMDS), and sodium bis
(trimethylsilyl)amide (NaHMDS); and inorganic bases such
as Na,CO,, NaHCO,, NaH, NaNH,, K,CO,, and Cs,CO,.

Examples of the solvent include hydrocarbons such as
hexane and heptane; ethers such as diethyl ether, diisopropyl
cther, cyclopentyl methyl ether (CPME), tetrahydrofuran,
and dioxane; nitriles such as acetonitrile; amides such as
dimethylformamide (DMF), dimethylacetamide, and hex-
amethylphosphoramide; sulfoxides such as dimethyl sulfox-
ide; lactams such as N-methylpyrrolidone; halogenated
hydrocarbons such as chloroform and dichloromethane;
aromatic hydrocarbons such as toluene and xylene; and
mixed solvents of these.

The reaction may be performed, for example, at 0° C. to
100° C. for 1 hour to 24 hours.

Regarding the reaction between a silyloxylated alkyl
halide (14) and a compound of Formula (15), the reaction
between a silyloxylated alkyl halide (14) and a compound of
Formula (23), the reaction between a silyloxylated alkyl
halide (14) and a compound of Formula (25), the reaction
between a silyloxylated alkyl halide (14) and a compound of
Formula (32), the reaction between a silyloxylated alkyl
halide (14) and a compound of Formula (37), the reaction
between a silyloxylated alkyl halide (14) and a compound of
Formula (38), and the reaction between a silyloxylated alkyl
halide (14) and a compound of Formula (44), synthesis can
be performed by performing the reactions in the presence of
a base.
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Examples of the base that 1s used for the above-described
reactions mclude organic bases such as TEA, DIPEA, DBU,
DBN, DABCO, imidazole, N-methylimidazole, N,N-dim-
cthylaniline, pyridine, 2,6-rutidine, DMAP, LDA, NaOAc,
MeONa, MeOK, lithium hexamethyl disilazide (LHMDS),
and sodium bis(trimethylsilyl)amide (NaHMDS); and 1nor-
ganic bases such as Na,CO;, NaHCO,, NaH, K,CO,, and
Cs,CO,.

Examples of the solvent include hydrocarbons such as
hexane and heptane; ethers such as diethyl ether, diisopropyl
cther, CPME, tetrahydrofuran, and dioxane; nitriles such as
acetonitrile; amides such as DMF, dimethylacetamide, and
hexamethylphosphoramide; sulfoxides such as dimethyl
sulfoxide; lactams such as N-methylpyrrolidone; haloge-
nated hydrocarbons such as chloroform and dichlorometh-
ane; aromatic hydrocarbons such as toluene and xylene; and
mixed solvents of these.

The reactions may be performed, for example, at 40° C.
to 150° C. for 1 hour to 24 hours.

In order to obtain a compound of Formula (21) from a
compound of Formula (20), a compound of Formula (22)
from a compound of Formula (20), a compound of Formula
(28) from a compound of Formula (26), a compound of
Formula (31) from a compound of Formula (30), a com-
pound of Formula (34) from a compound of Formula (33),
a compound of Formula (36) from a compound of Formula
(33), a compound of Formula (40) from a compound of
Formula (39), and a compound of Formula (43) from a
compound of Formula (42), means of reacting each of the
compounds with organometallic reagent (18), (19), or (27)
may be mentioned.

Examples of the organometallic reagent include Grignard
reagent that can be produced from an aryl halide, and a
lithium reagent. Examples of the solvent include ethers such
as diethyl ether, diisopropyl ether, CPME, tetrahydrofuran,
and dioxane; aromatic hydrocarbons such as toluene and
xylene; and mixed solvents of these. It 1s preferable that the
reaction 1s performed, for example, at —48° C. to 100° C. for
0.5 hours to 48 hours.

In order to obtain a compound of Formula (23) from a

compound of Formula (22), a compound of Formula (32)
from a compound of Formula (31), a compound of Formula
(37) from a compound of Formula (36), and a compound of
Formula (44) from a compound of Formula (43), means of
reacting each of the compounds with a deprotecting agent
may be mentioned.

Examples of the deprotecting agent include TBAF (tet-
rabutylammonium fluoride), a hydrogen fluoride pyridine
complex, a hydrogen fluoride-triethylamine complex, and
ammonium fluoride. Examples of the solvent include ethers
such as diethyl ether, diisopropyl ether, CPME, tetrahydro-
furan, and dioxane; aromatic hydrocarbons such as toluene
and xylene; halogenated hydrocarbons such as chloroform
and dichloromethane; and mixed solvents of these. It 1s
preferable that the reaction 1s performed, for example, at 0°
C. to 80° C. for 1 hour to 24 hours.

In order to obtain a compound of Formula (24) from a
compound of Formula (21), a compound of Formula (29)
from a compound of Formula (28), a compound of Formula
(35) from a compound of Formula (34), and a compound of
Formula (41) from a compound of Formula (40), for
example, each of the compounds can be produced by react-
ing the raw material compound with a halogenating agent.
Examples of the halogen atom 1n Formulas (24), (29), (35),
and (41) include a chlorine atom and a bromine atom.
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Examples of the halogenating agent include thionyl chlo-
ride-pyridine, acetyl chloride, PCl,, NCS, HCI, acetyl bro-
mide, PBr,, NBS, and HBr.

Examples of the solvent include hydrocarbons such as
hexane and heptane; ethers such as diethyl ether, dusopropyl
cther, CPME, tetrahydrofuran, and dioxane; aromatic hydro-
carbons such as toluene and xylene; halogenated hydrocar-
bons such as chloroform and dichloromethane; dimethylior-
mamide (DMF); and mixed solvents of these. The reaction
may be performed, for example, at 0° C. to 100° C. for 0.5
hours to 48 hours.

The trityl compound (1) of the present invention can be
used as a protecting agent for a functional group such as a
carboxy group, a hydroxy group, an amino group, an amide
group, or a mercapto group. A compound having a carboxy
group, a hydroxy group, an amino group, or a mercapto
group protected with the trityl compound (1) of the present
invention has a feature that the compound has superior
liguidity and solubility 1n solvents. Therefore, a compound
having a functional group protected using the trityl com-
pound (1) of the present imnvention as a protecting agent
becomes liquid and can be separated and purified by an
operation such as liquid-liquid phase separation. Further-
more, a protecting group used in the compound of the
present invention can be easily removed using an acid.

The compound that can be protected with the trityl
compound (1) of the present invention may be any com-
pound having a carboxy group, a hydroxy group, an amino
group, an amide group, or a mercapto group, and examples
include amino acids, peptides, saccharides, proteins, nucleo-
tides, other various pharmaceutical compounds, agrochemi-
cal compounds, as well as various polymers and dendrimers.

The synthesis method for a peptide using the trityl com-
pound (1) of the present invention as a protecting agent 1s,
for example, a production method including the following
steps (1) to (4).

(1) The trityl compound (1) of the present invention 1s
condensed with a C-terminal carboxy group of an N-pro-
tected amino acid or an N-protected peptide 1n a soluble
solvent, and thereby an N-protected, C-protected amino acid
or an N-protected, C-protected peptide, in which the C-ter-
minal 1s protected with the trityl compound (1) of the present
invention, 1s obtained. Alternatively, the trityl compound (1)
of the present invention is reacted with a C-terminal amide
group of an N-protected amino acid or an N-protected
peptide 1n a soluble solvent, and thereby an N-protected,
C-protected amino acid or an N-protected, C-protected pep-
tide, in which the C-terminal 1s protected with the trityl
compound (1) of the present invention, 1s obtained.

(2) The protecting group of the N-terminal of the N-pro-
tected, C-protected amino acid or the N-protected, C-pro-
tected peptide thus obtained 1s removed, and thus a C-pro-
tected amino acid or a C-protected peptide 1s obtained.

(3) An N-protected amino acid or an N-protected peptide
1s condensed with the N-terminal of the C-protected amino
acid or C-protected peptide thus obtained, and thereby an
N-protected, C-protected peptide 1s obtained.

(4) The protecting group of the N-terminal and the pro-
tecting group of the C-terminal of the N-protected, C-pro-
tected peptide thus obtained are removed, and thereby a
desired peptide 1s obtained.

EXAMPLES

Next, the present mvention will be explained in detail
byway of Examples; however, the present invention 1s not
limited to these.
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Example 1

Synthesis of TIPS2-4,4'-diCITrt-Cl

BI/\/\/\N\/\OTIPS
Br— (CHz) 11~ OTIPS

(1-a)
MgBr

HO OH

S

O Me ‘

O
F
‘\ Cl]__

(1-b)
RO/ \/\OR

TIPS2— Ph— COOMe
OH
-OJ<
_ \
7
Ro” \/\OR

TIPS2-4,4'-diCITrt-OH

-0
F

| H—
R ‘

RO OR
TIPS2-4,4'-diCITrt-Cl

/ Cl 10 -

C

R = (CH,){{OTIPS

(In the {following description, Br—(CH,),,—OTIPS,
TIPS2-Ph-COOMe, TIPS2-4,4'-diCITrt-OH, and TIPS2-4,
4'-diCITrt-Cl represent the structures in the diagram.)

Example (1-a): TIPS2-Ph-COOMe

8.66 g (21.3 mmol) of Br—(CH,),,—OTIPS, 1.59 g (9.5
mmol) of methyl 3,5-dihydroxybenzoate, and 4.70 g (34.0
mmol) of potassium carbonate were suspended 1n 37.8 mL
of DMF, and the suspension was heated to 85° C. and stirred
for 3 hours. Subsequently, the temperature of the suspension
was 1creased to 100° C., and the suspension was stirred for
3 hours. The reaction solution was filtered, and the filter cake
was washed with 79 mL of heptane. The filtrate was parti-
tioned, and 38 mL of heptane was added to a heptane layer
thus obtained. The heptane layer was partitioned and washed
with 38 mL of DMF. 38 mL of heptane was added to the
heptane layer thus obtamned, and the heptane layer was
partitioned and washed once with 38 mL of 1 N hydrochloric
acid, once with 38 mL of a 5% aqueous solution of sodium
hydrogen carbonate, and once with 38 mL of water. 38 mL
ol heptane was added to the heptane layer, and the heptane
layer was partitioned and washed two times with 38 mL of
acetonitrile. The heptane layer was concentrated under
reduced pressure, and a residue thus obtained was purified
by silica gel column chromatography (heptane:ethyl
acetate=200:1—0:100). Thus, 9.76 g of TIPS2-Ph-COOMe

was obtained.
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'H-NMR (400 MHz, CDCl,) 81.04-1.08 (m, 42H), 1.23-
139 (m, 24H), 1.44 (quin., 4H), 1.54 (quin., 4H), 1.77
(quin., 4H), 3.67 (t, 4H), 3.89 (s, 3H), 3.96 (t, 4H), 6.64 (L.
1H), 7.16 (d, 2H)

ESIMS MNa+ 843.6

Example (1-b): TIPS2-4,4'-diCITrt-OH

0.82 g (1.00 mmol) of TIPS2-Ph-COOMe was dissolved
in 10.0 mL of THEF, and 9.00 mL (9.00 mmol) of a 4-chloro

phyvenyl magnesium bromide diethyl ether solution was
added thereto. The mixture was heated to 75° C. and stirred
for 3 hours. The reaction solution was cooled to 5° C., and
the reaction was stopped with 30 mL of 1 N hydrochloric
acid. 80 mL of hexane was added thereto, and the mixture
was partitioned and washed once with 45 mL of 1 N
hydrochloric acid, once with 45 mL of a 5% aqueous
solution of sodium hydrogen carbonate, and once with 45
mL of water. 20 mL of heptane was added to a heptane layer,
and the heptane layer was partitioned and washed with 50
mlL of acetonitrile. The partitioning and washing with hep-
tane and acetonitrile as described above were performed
once more. 30 mL of heptane was added to the heptane layer,
and the heptane layer was partitioned and washed with 15
mlL of DMF. 15 mL of heptane was added to the heptane
layer, and the heptane layer was partitioned and washed with
15 mL of DMF. The partitioning and washing with heptane
and acetonitrile described above were performed two more
times, and the heptane layer was concentrated under reduced
pressure. A residue thus obtained was purified by silica gel
column chromatography (heptane:ethyl acetate=70:1—13:
1), and thus 0.50 g of TIPS2-4,4'-diCI'Trt-OH was obtained.

'"H-NMR (400 MHz, CDCl,) 81.04-1.08 (m, 42H), 1.23-
1.44 (m, 28H), 1.53 (quin., 4H), 1.70 (quin., 4H), 2.72 (s,
1H), 3.66 (t, 4H), 3.84 (t, 4H), 6.32 (d, 2H), 6.37 (t, 1H),
7.19-7.29 (m, 8H)
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BC-NMR (100 MHz, CDCl,) 812.2 (6C), 18.2 (12C),
26.0 (20), 26.2 (2C), 29.3-29.8 (12C), 33.2 (2C), 63.7 (20),
68.3 (2C), 81.5, 100.2, 106.9 (2C), 128.3 (4C), 129.4 (4C),
133.5 (2C), 144.9 (2C), 148.4, 160.2 (2C) ESIMS MNa+
1035.9

Example (1-c): TIPS2-4,4'-diC1Trt-Cl

30 mg (0.03 mmol) of TIPS2-4,4'-diCITrt-OH was dis-
solved 1n 0.49 mL of chloroform, and 97 uL. (1.37 mmol) of

acetyl chloride was added thereto. The mixture was heated
to 45° C. and stirred for 1 hour and 30 minutes. Furthermore,
97 ulL (1.37 mmol) of acetyl chloride was added thereto, and
the mixture was stirred for 15 hours at 45° C. 5.0 mL of
hexane was added to the reaction solution, and the mixture
was partitioned and washed with 3.0 mL of acetonitrile. 2.0
mL of heptane was added to a heptane layer, and the heptane
layer was partitioned and washed with 3.0 mL of acetoni-
trile. The partitioming and washing using heptane and
acetonitrile described above were performed one more time,
and the heptane layer was concentrated under reduced
pressure. Thus, 21 mg of TIPS2-4,4'-diClTrt-Cl was
obtained.

"H-NMR (400 MHz, CDCl,) 81.04-1.08 (m, 42H), 1.23-
1.44 (m, 28H), 1.53 (quin., 4H), 1.71 (quin., 4H), 3.67 (X,
4H), 3.85 (t, 4H), 6.32 (d, 2H), 6.40 (t, 1H), 7.15-7.30 (m,
SH)

PC-NMR (100 MHz, CDCl,) 812.2 (6C), 18.2 (120),
26.0 (2C), 26.2 (2C), 29.3-29.8 (12C), 33.2 (2C), 63.7 (20C),
68.3 (2C), 80.1, 100.7, 108.9 (2C), 128.1 (4C), 131.1 (4C),
134.2 (2C), 143.5 (2C), 146.5, 159.9 (2C)

Example 2

Synthesis of TIPS6-2-ClTrt-OH

O O
/c1
Br N OH  ,
Ao LU YKL
9 = W/ N W/
- (2-b)
ENCZ 2 N ) /\‘ \OTBS
TBSO/ \/
TBS2-2-CITrt-OH
W /OTIPS
Br N
Cl N OTIPS
OH ____ TIPSO/
Br——(CH>);o—CONH—C(CH,OTIPS);

/N

‘ OH

R

HO
4'.4"-diOH-2-CI'Trt-OH

(2-¢)
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-continued
Cl
OH
= ‘ 4
. A

OTIPS

TIPSO
OTIPS

TIPS6-2-ClTrt-OH

(In the following description, TBS2-2-CITrt-OH, 4',4"-
d1OH-2-CITrt-OH, Br—(CH,) 10-CONH—C(CH,,
OTIPS),, and TIPS6-2-ClTrt-OH represent the structures 1n
the diagram).

Example (2-a): TBS2-2-ClTrt-OH

4.48 g (15.6 mmol) of 1-bromo-3-[[(1,]1-dimethylethyl)
dimethylsilylJoxy]benzene was dissolved 1n 31.2 mL of
anhydrous THEF, and 455 mg (18.7 mmol) of magnesium was
added thereto. The interior of the reaction container was
purged with nitrogen, subsequently 7 uL. (0.08 mmol) of
1,2-dibromoethane was added thereto, and the mixture was

heated to reflux for 2 hours. The reaction solution was
cooled to 350° C., 1.00 g (5.9 mmol) of methyl 2-chloroben-

zoate dissolved 1 7.8 mL of anhydrous THF was added
thereto, and the mixture was heated to reflux for 50 minutes.
The reaction solution was cooled to 5° C., the reaction was
stopped with 79 mL of a saturated aqueous solution of
ammonium chloride, 224 mL of heptane was added thereto,
and the mixture was partitioned and washed. An organic
layer thus obtained was partitioned and washed once with 79
ml of a saturated aqueous solution of ammonium chloride
and once with 116 mL of a 5% aqueous solution of sodium
hydrogen carbonate. The organic layer was concentrated
under reduced pressure, and thereby a mixture including

TBS2-2-ClTrt-OH was obtained.

Example (2-b): 4'.4"-d1iOH-2-CITrt-OH

The mixture obtained in the previous process was dis-
solved in 17.7 mL of THF, and 13.3 mL (13.3 mmol)ofa 1.0
M THEF solution of tetrabutylammonium fluoride was added
thereto. The mixture was stirred for 20 minutes at room
temperature. The reaction solution was cooled to 5° C., the
reaction was stopped with 147 mL of a saturated aqueous
solution of ammomum chloride, 147 mL of ethyl acetate was
added thereto, and the mixture was partitioned and washed.
An organic layer thus obtained was partitioned and washed
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O

OTIPS
HN
TIP Sojg

OTIPS

once with 147 mlL of a saturated aqueous solution of
ammonium chloride and once with 147 mL of a 5% aqueous
solution of sodium hydrogen carbonate. The organic layer
was concentrated under reduced pressure, and a residue thus
obtained was purified by silica gel column chromatography
(heptane:ethyl acetate=10:1—+4:1—=2:1—1:1), and thus 0.45
g of 4',4"-d1OH-2-ClITrt-OH was obtained.

"H-NMR (400 MHz, DMSO-d,) 86.21 (s, 1H), 6.60-6.69
(m, 6H), 6.99 (dd, 1H), 7.08 (t, 2H), 77.29 (td, 1H), 7.38 (dd,
1H), 9.26 (s, 2H)

PC-NMR (100 MHz, DMSO-d,) 880.7, 113.6 (20).
114.9 (2C), 118.5 (2C), 126.1, 128.4 (2C), 128.9, 130.6,

131.3, 133.7, 144.3, 147.8 (2C), 156.7 (2C)
ESIMS MH+ 327.1

Example (2-¢): TIPS6-2-CI'Trt-OH

091 g (1.09 mmol) of Br—(CH,),—CONH—C
(CH,OTIPS),, 0.14 g (0.43 mmol) of 4',4"-d1OH-2-CITrt-
OH, and 0.19 g (1.37 mmol) of potassium carbonate were
suspended 1n 2.8 mL of DMF, and the suspension was heated
to 120° C. and stirred for 2 hours and 15 minutes. Further-
more, 0.16 g (0.19 mmol) of Br—(CH,),,—CONH—C
(CH,OTIPS), was added thereto, and the mixture was
stirred for 2 hours and 30 minutes at 120° C. The mixture
was cooled to room temperature, and the reaction solution
was filtered and washed with 6.0 mL of heptane. The filtrate
was partitioned, 2.8 mL of heptane was added to a heptane
layer thus obtained, and the heptane layer was partitioned
and washed with 2.8 mL of DMF. 2.8 mL of heptane was
added to the heptane layer thus obtained, and the heptane
layer was partitioned and washed with 2.8 mL of water. 2.8
ml of heptane was added to the heptane layer thus obtained,
and the heptane layer was partitioned and washed two times
with 2.8 mL of acetonitrile. The heptane layer was concen-
trated under reduced pressure, and a residue thus obtained
was purilied by silica gel column chromatography (heptane:
cthyl acetate=50:1—=135:1). Thus, 0.31 g of TIPS6-2-CITrt-
OH was obtained.
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'H-NMR (400 MHz, Benzene-d.) 81.14-1.18 (m, 126H),
1.18-1.36 (m, 24H), 1.56 (quin., 4H), 1.74 (quin., 4H), 2.19
(t, 4H), 3.59-3.70 (m, 4H), 4.42 (s, 12H), 4.58 (s, 1H), 5.91
(s, 2H), 6.65-6.75 (m, 2H), 6.84 (dd, 2H), 6.96-7.02 (m, 3H),
7.05-7.12 (m, 3H), 7.43 (1, 2H)

I3C.NMR (100 MHz, Benzene-d.) 812.7 (18C), 18.7
(36C), 26.6 (2C), 26.8 (2C), 29.8-30.3 (12C), 38.3 (20),
62.2 (6C), 62.8 (2C), 68.2 (2C), 83.3, 114.3 (2C), 114.7
(20), 121.1 (2C), 126.9, 129.5 (3C), 131.8, 132.3, 134.1,
144.9, 148.3 (2C), 160.2 (2C), 172.4 (2C)

ESIMS MNa+ 1860.2

Example 3

Verification of Solubility Enhancing Performance for
Peptide Compound
The solubility of a compound protected with the trityl

protecting agent according to the present mvention was
measured.

O O
HzN\)J\ ﬁ\).l\
. N OH
é H
B O
/

H-Phe-Leu-Gly-OH

Cl

s

\
_/

4

Cl
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Peptide used as a model: H-Phe-Leu-Gly-OH
H-Phe-Leu-Gly-OH and H-Phe-Leu-Gly-O-(TIPS2-4,4'-
diCITrt) were synthesized, and the respective compounds

were dissolved to saturation in CPME (cyclopentyl methyl
cther) at 25° C. Thus, the solubilities were measured.

As the result, compared to a case 1n which H-Phe-Leu-
Gly-OH without a trityl protecting agent bonded thereto
dissolved 1n CPME somehow only to a concentration of 0.9
mM, 1n a case 1n which TIPS2-4.4'-diCITrt-Cl was bonded,
the solubility was increased to about 1,100 times or more at
a concentration of 1,030 mM or higher. From these results,

it was confirmed that by dertvatizing a peptide using a trityl

protecting agent, the solubility of the peptide 1s markedly
increased. Meanwhile, H-Phe-Leu-Gly-OH and H-Phe-Leu-

Gly-O-(TIPS2-4,4'-diCITrt) were synthesized as follows.
Furthermore, they have the following structures.

H-Phe-Leu-Gly-O-(TIPS2-4,4'-diCITrt)
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Example (3-a)

Synthesis ol H-Phe-Leu-Gly-O-(TIPS2-4,4'-diClI'Trt)

10.18 g (9.86 mmol) of TIPS2-4,4'-diCI'Trt-Cl was dis-
solved 1in 10.2 mL of dichloromethane, and a solution
obtained by dissolving 8.59 mL (49.3 mmol) of DIPEA and
5.86 g (19.7 mmol) of Fmoc-Gly-OH 1n 86.5 mL of dichlo-
romethane was added to the solution. 5.1 mL of dichlo-
romethane was added thereto, and the mixture was stirred
for 1 hour and 30 minutes at room temperature. The solution
was concentrated under reduced pressure, a residue thus
obtained was dissolved 1mn 407 mL of heptane, and the
solution was partitioned and washed three times with 407
ml of acetonitrile. A heptane layer was concentrated under

reduced pressure, and thus a mixture imncluding Fmoc-Gly-
O-(TIPS2-4,4'-diC1Trt) was obtained. Meanwhile, Fmoc-

Gly-O-(TIPS2-4,4'-d1C1Trt) has the following structure.
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with 500 mL of acetonitrile. The heptane layer was concen-
trated under reduced pressure, 100 mL of acetonitrile was

added to a residue thus obtained, and the mixture was

sufliciently stirred. Subsequently, the supernatant was

removed by decantation, and thereby an oily material was
obtained. This washing with acetonitrile and decantation
was performed once more, and an o1ly material was obtained
and dried under reduced pressure. The oily material thus
obtained was subjected to crude purification by silica gel
column chromatography (heptane:ethyl acetate:triethylam-
ine=25:1:1.3—0:20:1), and thus 6.16 g of a mixture includ-
ing H-Gly-O-(TIPS2-4,4'-diCl'Trt) was obtained. Mean-

while, H-Gly-O-(TIPS2-4,4'-diClTrt) has the following
structure.
—
O/

>_
Vg
T

Fmoc-Gly-O-(TIPS2-4,4'-diCITrt)

The mixture thus obtained was dissolved 1n 91.9 mL of
THEF, and 2.75 mL (18.4 mmol) of DBU was added thereto.
The mixture was cooled to 5° C. and stirred for 30 minutes.
A-
Trt) was confirmed, 4.37 mL (17.5 mmol) of 4 M CPME/

Cl

O

s

ter the disappearance of Fmoc-Gly-O-(TIPS2-4,4'-diCl- 40

O

O

HCl was added dropwise thereto, and the solution was
concentrated under reduced pressure. A residue thus
obtained was dissolved mm 500 mL of heptane, and the
solution was partitioned and washed two times with 500 mL.

of acetonitrile. 10 mL of CPME was added to a heptane layer

thus obtained, and the mixture was partitioned and washed

&
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H-Gly-O-(TIPS2-4,4'-diCITrt)

6.16 g of the mixture thus obtained was dissolved in 53.7
mlL of CPME, and 23.0 mL of DMF, 4.01 mL (23.0 mmol)
of DIPEA, 3.05 g (8.62 mmol) of Fmol-Leu-OH, 1.23 ¢
(8.62 mmol) of ethyl (hydroxyimino)cyanoacetate (Oxyma),
and 3.69 g (8.62 mmol) of (1-cyano-2-ethoxy-2-oxoethyl-
idencaminoooxy )dimethylamino-morpholinocarbenium
hexafluorophosphate (COMU) were added to the solution.
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The mixture was stirred for 50 minutes at room temperature.
After the disappearance of H-Gly-O-(TIPS2-4,4'-di1ClTrt)
as confirmed, 342 ul. (3.45 mmol) of 2-(2-aminoethoxy)
ethanol was added thereto, and the mixture was stirred for 15

minutes. To the reaction solution, 12.29 g (69.0 mmol) of 5

sodium 3-mercapto-1-propanesulionate dissolved i 57.5
mL of DMSO was added, and the mixture was cooled to 5°
C. Subsequently, 5.8 mL of DMSO and 6.88 mL (46.0
mmol) of DBU were added thereto, and the mixture was

stirred for 30 minutes. After the disappearance of Fmoc-
Leu-Gly-O-(TIPS2-4,4'-diClI'Trt) was confirmed, 12.1 mlL

(48.3 mmol) of 4 M CPME/HC] was added dropwise
thereto, and the temperature was raised to room temperature.
3.1 mL of CPME, 186 mL of 20% brine, and 159 mL of a
10% aqueous solution of sodium carbonate were added to
the mixture, and the mixture was partitioned and washed. To
an organic phase thus obtained, 1.9 mL of DMSO, 1.9 mL
of DMF, and 69 mL of a 50% aqueous solution of dipotas-
sium hydrogen phosphate were added, and the mixture was
partitioned and washed. Thus, a mixed liquid including
H-Leu-Gly-O-(TIPS2-4,4'-diCI'Trt) was obtained.

Meanwhile, Fmoc-Leu-Gly-O-(TIPS2-4,4'-diCITrt) and
H-Leu-Gly-O-(TIPS2-4,4'-diCITrt) have the {following
structures.

Q- J\QN \
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Fmoc-Leu-Gly-O-(TIPS2-4,4'-diCITrt)
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H-Leu-Gly-O-(TIPS2-4,4"-diClTrt)

To the mixed liquid thus obtained, 2.0 mL of CPME, 31.7
mL of DME, 4.01 mL (23.0 mmol) of DIPEA, 3.34 g (8.62
mmol) of Fmoc-Phe-OH, 1.23 g (8.62 mmol) of Oxyma, and
3.69 g (8.62 mmol) of COMU were added, and the mixture
was stirred for 40 minutes at room temperature. After the
disappearance of H-Leu-Gly-O-(TIPS2-4,4'-diClTrt) was
confirmed, the solution was concentrated under reduced
pressure, and a residue thus obtained was dissolved 1n 204

60

65

ml. of heptane. The solution was partitioned and washed
four times with 102 mL of acetonitrile. A heptane layer was
concentrated under reduced pressure, and a residue thus

obtained was dried under reduced pressure. Thus, 7.37 g of
Fmoc-Phe-Leu-Gly-O-(TIPS2-4,4'-diClTrt) was obtained.

ESIMS MNa+ 1574.7

Meanwhile, Fmoc-Phe-Leu-Gly-O-(TIPS2-4,4'-diClITrt)
has the following structure.
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Fmoc-Phe-Leu-Gly-O-(TIPS2-4,4"-diCITrt)

4.43 ¢ (2.85 mmol) of Fmoc-Phe-Leu-Gly-O-(TIPS2-4,
4'-diClITrt) was dissolved 1 28.5 mL of THEF, 0.85 mL (5.70
mmol) of DBU was added to the solution, and the mixture
was cooled to 5° C. and stirred for 25 minutes. After the
disappearance ol Fmoc-Phe-Leu-Gly-O-(TIPS2-4,4'-di1(Cl-
Trt) was confirmed, 1.35 mL (5.42 mmol) of 4 M CPME/
HCl was added dropwise thereto, and the solution was
concentrated under reduced pressure. A residue thus
obtained was dissolved i 200 mL of heptane, and the
solution was partitioned and washed with 200 mL of
acetonitrile. A heptane layer was concentrated under reduced
pressure, and 22 ml of acetonitrile was added to a residue
thus obtained. The mixture was sufliciently stirred, and then
the supernatant was removed by decantation. Thus, an oily
material was obtained. This washing with acetonitrile and
decantation was performed five more times, and an oily
material was obtained. The oily material was dissolved in
THE, the solution was concentrated under reduced pressure,
and a residue thus obtained was dried under reduced pres-
sure. Thus, 3.04 g of H-Phe-Leu-Gly-O-(TIPS2-4,4'-d1Cl-
Trt) was obtained.

ESIMS MNa+ 1353.0

Example (3-b)

Synthesis ol H-Phe-Leu-Gly-OH

102 mg (0.077 mmol) of H-Phe-Leu-Gly-O-(TIPS2-4,4'-
diCITrt) was dissolved 1 1.52 mL of dichloromethane, 15
ul, (0.20 mmol) of trifluoroacetic acid was added to the
solution, and the mixture was stirred for 45 minutes at room
temperature. After the disappearance of H-Phe-Leu-Gly-O-
(TIPS2-4,4'-diClTrt) was confirmed, the solution was con-
centrated under reduced pressure, and 10 mL of diisopropyl
cther was added dropwise to the residue. The mixture was
cooled to 5° C. and sufliciently stirred, subsequently the
mixture was centrifuged for 5 minutes at 3,000 rpm at 5° C.,
and the supernatant was removed by decantation. Thereby,
a precipitated was obtained. This slurry washing using
duisopropyl ether, centrifugation, and decantation were per-
formed three more times, and a precipitate was obtained.
The precipitate was dried under reduced pressure, and 24 mg

of H-Phe-Leu-Gly-OH was obtained.
ESIMS MH+ 336.1

From the results described above, it was understood that
in a compound having a functional group protected using the
trityl protecting agent of the present invention, the solubility
in an organic solvent 1s 1ncreased to a large extent.
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The invention claimed 1s:

1. A trityl compound of the following formula (1):

(1)

Rl3

wherein Y represents a hydroxy group or a halogen atom;
at least one of R to R"” represents a group represented
by the following formula (2):

O—RM*—X-A (2)

the remaining R' to R'> each independently representing
a hydrogen atom, a halogen atom, an alkyl group
having 1 to 4 carbon atoms, or an alkoxy group having
1 to 4 carbon atoms;

R"° represents a linear or branched alkylene group having
6 to 16 carbon atoms;

X represents O or CONR'’ wherein R'’ represents a
hydrogen atom or an alkyl group having 1 to 4 carbon
atoms; and

A represents a group represented by the following formula

(3), (4), (3), (6). (7), (8), (9), (10), (11), (12), or (13):

(3)
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(4) R 19
. RIS_S:i_RED
|
RZZ R18
_RZI R23_O_SL_R19
10 |
H R20
(5) ]5‘{19
RIS_Si_RZG
15 |
|
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RZZ R18
—n2l 23Dl
40 R R O—S1—R
R24 RZU
i
(8) RZD_Si_RIS
45 |
RlQ'

(10)

(11)

(12)

(13)

wherein R'®, R'”, and R*", which may be identical or

50 different, each represent a linear or branched alkyl
group having 1 to 6 carbon atoms or an aryl group

which may have a substituent; R*' represents a single

bond or a linear or branched alkylene group having 1 to

3 carbon atoms; and R**, R**, and R** each represent

55 a linear or branched alkylene group having 1 to 3
carbon atoms,

()

wherein the group represented by formula (2) 1s not a

2-t-butyldimethylsilyloxyethoxy group or
butyldimethylsilyloxypropoxy group.

60

a 3-t-

2. The trityl compound according to claim 1, wheremn Y
represents a hydroxy group, a chlorine atom, or a bromine

atom.

3. The trityl compound according to claim 1, wherein at
65 least one of R' to R'> represents a group represented by the
formula (2), the remaining R' to R'> each independently

representing a hydrogen atom or a halogen atom.
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4. The trityl compound according to claim 1, wherein R*°

represents a linear or branched alkylene group having 2 to 16 3)
carbon atoms. RIS
5. The trityl compound according to claim 1, wherein A . RIS
represents a group represented by formula (4), (5), (6), (7),
(8), (9), (10), (11) (12), or (13), R*' represents a single bond R?"
or a methylene group, and R**, R*®, and R** each represent (4)
a methylene group. f‘{lg
6. A protecting agent for a carboxy group, a hydroxy 10 RI8—g§j—R?
group, an amino group, an amide group, or a mercapto (‘j
group, the protecting agent comprising the trityl compound |
according to claim 1. R22
7. The trityl compound according to claim 1, s g2l |
wherein Y represents a hydroxy group, a chlorine atom, or b
a bromine atom, and
d
wherein at least one of R' to R' represents a group R 19 )
represented by the formular (2), the remaining R" to o ‘ N
R'% each independently representing a hydrogen atom R _TI_R
or a halogen atom. O
8. A trnityl compound of the following formula (1): 1!{22
73 _R21 H
(1)
R3 CH3
R? RY
30 (6)
RI RS ]5‘{19
Rfj R? RIS Tl RZD
O
35 |
A% RS R22
—R?! CH;
R]O RQ CH3
R 15 Rl 40
7
RJ“/\(\ 12 R 19 )
R13 45 ng_éi_Rﬂ)
|
O
wherein Y represents a hydroxy group or halogen atom:; ]E!L;zg
R? and R'® each independently represent a hydrogen
atom or a halogen atom, and at least one of R, R*, R* 50 —R?! H
to R"*, R'* and R"> represents a group represented by
the following formula (2): H3C/
O—RM"*—X-A (2)
55
the remaining R', R*>, R* to R'*, R'* and R'® each (8)
independently representing a hydrogen atom, a halogen R 1%
atom, an alkyl group having 1 to 4 carbon atoms, or an ng—é'—Rm
alkoxy group having 1 to 4 carbon atoms; ‘1
R'° represents a linear or branched alkylene group having 00 ?
1 to 16 carbon atoms; 22
X represents O or CONR'’ wherein R’ represents a "
hydrogen atom or an alkyl group having 1 to 4 carbon —XR N\
atoms; and 65 P CH;
A represents a group represented by the following formula H5C

(3), (4), (3), (6). (7), (8), (9), (10), (11), (12), or (13):
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O
RU—G—RI8
R13

wherein R'®, R', and R*°, which may be identical or
different, each represent a linear or branched alkyl
group having 1 to 6 carbon atoms or an aryl group
which may have a substituent; R*' represents a single
bond or a linear or branched alkylene group having 1 to
3 carbon atoms; and R**, R**, and R** each represent
a linear or branched alkylene group having 1 to 3
carbon atoms.
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9. The trityl compound according to claim 8, wherein Y
represents a hydroxy group, a chlorine atom, or a bromine
atom.

10. The trityl compound according to claim 8, wwherein
at least one of R", R*, R* to R"*, R'* and R"> represents a
group represented by the formula (2), the remaining R", R”,
R* to R™, R'* and R"™ each independently representing a
hydrogen atom or a halogen atom.

11. The trityl compound according to claim 8, wherein
R'® represents a linear or branched alkylene group having 2
to 16 carbon atoms.

12. The trityl compound according to claim 8, wherein A
represents a group represented by forumla (4), (5), (6), (7),
(8),(9), (10), (11), (12), or (13), R*! represents a single bond
or a methylene group, and R**, R**, and R** each represent
a methylene group.

13. A protecting agent for a carboxy group, a hydroxy
group, an amino group, an amide group, or a mercapto
group, the protecting agent comprising the trityl compound
according to claim 8.

14. A method, comprising protecting a carboxy group, a
hydroxy group, an amino group, an amide group, or a
mercapto group of a compound, with a trityl compound of
the following formular (1):

(1)

RJS\/\/RII

RJ“/\(\ R 12
R13

wherein Y represents a hydroxy group or a halogen atom;
at least one of R' to R'> represents a group represented
by the following formula (2):

O—R'"—X-A (2)

the remaining R' to R"> each independently representing
a hydrogen atom, a halogen atom, an alkyl group
having 1 to 4 carbon atoms, or an alkoxy group having
1 to 4 carbon atoms;

R'° represents a linear or branched alkylene group having
1 to 16 carbon atoms:

X represents O or CONR'’ wherein R'’ represents a
hydrogen atom or an alkyl group having 1 to 4 carbon
atoms; and

A represents a group represented by the following formula

(3), (4), (3), (6). (7), (8), (9), (10), (11), (12), or (13):
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55
(8) R I8
R19
15 ‘ 120 . . . .
R¥P=—51—R wherein R'®, R, and R*", which may be identical or
y
(‘j different, each represent a linear or branched alkyl
| 60 group having 1 to 6 carbon atoms or an aryl group
R22 which may have a substituent; R*' represents a single
bond or a linear or branched alkylene group having 1 to
—R” \ 3 carbon atoms; and R**, R**, and R** each represent
CH; a linear or branched alkylene group having 1 to 3
ch/ 65 carbon atoms, as a protecting agent.

15. The method according to claim 14, wherein the
compound 1s an amino acid or a peptide.
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16. The method according to claim 14, wherein Y repre-
sents a hydroxy group, a chlorine atom, or a bromine atom.

17. The method according to claim 14, wherein at least
one of R' to R" represents a group represented by the
Formula (2), the remaining R' to R'> each independently
representing a hydrogen atom or a halogen atom.

18. The method according to claim 14, wherein R'°
represents a linear or branched alkylene group having 2 to 16
carbon atoms.

19. The method according to claim 14, wherein R'®
represents a linear or branched alkylene group having 6 to 16
carbon atoms.

20. The method according to claim 14, wherein A repre-
sents a group represented by formula (4), (5), (6), (7), (8),

10

(9), (10), (11), (12), or (13), R*" represents a single bond or 15

a methylene group, and R**, R*°, and R** each represent a
methylene group.
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